The complete genome of a hepatitis B virus (HBV) from Brazil that expressed the subtype adw4 of HBV surface antigen (HBsAg) was cloned and sequenced. The genome, termed w4B, consists of 3215 bp. The overall genetic organization of typical hepadnaviruses with four open reading frames including the preC region was found to be conserved. When comparing the w4B sequence with 19 complete HBV genomes it was, however, found to be more divergent (15 %) than any other HBV sequence thus far reported. Until now, no more than 11% divergence has been reported. Distinct from the five known HBV genotypes A to E, w4B made up a new, sixth genotype. The importance of the conserved third start codon in the HBV X gene became apparent in isolate w4B. By mutation, this ATG was out of frame, and by what appears to have been a linked mutation, a new start site two codons downstream was re-established. The significance of several other mutations is discussed.
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Hepatitis B virus (HBV) is a small DNA virus with a circular genome of only 3182 to 3221 bp. Four major subtypes can be d~stinguished by antibodies that recognize different epitopes on particles formed by the small hepatitis B viral surface protein (SHBs). All known subtypes contain the a determinant (Le Bouvier, 1971) which is encoded between amino acid residues 124 and 147 (Ashton-Rickardt & Murray, 1989) . The crossprotecting a determinant is partially lost by a single amino acid exchange at position 145 from glycine to arginine (Carman & Thomas, 1991) . The difference between the mutually exclusive subtype-specific determinant d/y (Le Bouvier, 1971) and w/r (Bancroft et al., 1972) is generated by amino acid changes from K to R at residues 122 (Peterson et al., 1984) and 160 respectively . Additional subdeterminants ofw allowed the differentiation of four serotypes of ayw and two of adw (Courouc6 et al., 1976) . Thus, according to the Paris workshop on HBV surface antigen (HBsAg) subtypes, eight serotypes exist (adr, ayr, aywl, ayw2, ayw3, ayw4, adw2 and adw4) .
Serotyping of 5337 sera revealed that the different serotypes have a distinct geographical distribution throughout the world (Couroucd-Pauty et al., 1983) . The serotype adw4 is widespread in French Polynesia and Argentina (Couroucr-Pauty et al., 1983) , but has also
The nucleotide sequence reported in this paper has been submitted to the EMBL database and assigned the accession number X69798. been found in Brazil. In HBV-infected inhabitants of the Amazonas State (Gaspar & Yoshida, 1987) and the Marquesas Islands (Couroucd-Pauty et al., 1983 ) the serotype is almost exclusively adw4. Okamoto et al. (1988) compared the complete nucleotide sequence of 18 HBV isolates. Based on a divergence of more than 8 %, these subtypes could be grouped into four genotypes (A to D). It turned out that serotyping of the d/y and w/r alleles was misleading with regard to the phylogenetic relatedness of the HBV isolates. It appeared to us that the HBV subtype adw4 might form a new genotype, owing to the geographical isolation of its carrier population.
We isolated viral DNA termed w4B from the serum of a blood donor from Rio de Janeiro. The subtype adw4 was defined by group-specific antisera as described previously (Gaspar & Yoshida, 1987) . One-hundred ~tl of serum was digested with proteinase K, and the DNA was purified by phenol-chloroform extraction and ethanol precipitation. The complete genome was amplified in one step using primers with KpnI and HindlII sites added at the 5' termini (AGTCGGTACCTTTTTCACCTCTGC-CTAATCATCTC, HBV positions 1820 to 1843 and CCTAAAGCTTTGCATGGTGCTGGTGCGCAG-ACC, HBV positions 1819 to 1796) (S. Schaefer, H. Naumann & W. H. Gerlich, unpublished results) complementary to the sequences bordering the nick of the noncovalently closed circular HBV genome . Pfu-polymerase (Stratagene) was used for amp- lification due to its high fidelity (Lundberg et al., 1991) . PCR was done as described by the manufacturer (Stratagene) ( (Feng & Doolittle, 1987) . The complete sequence of the genome w4B is shown in Fig. 1 . The dendrogram (Fig. 2 ) that was constructed after aligning the complete nucleotide sequences of 20 HBV isolates suggests the distinction of six genotypes. Genotypes are defined by more than 8 % divergence at the nucleotide level . The four groups A to D are similar to those from Okamoto et al. (1988) . As shown in Fig. 2 viruses expressing ayw. One isolate of unknown relevance was recovered from a chimpanzee that was not infected by HBV experimentally (Vaudin et al., 1988) . w4B is 15 % divergent from all other HBV subtypes, and belongs to a new group F previously defined by Norder et al. (1992b) on the basis of the SHBs gene. All other HBV isolates diverge less from one another (Fig. 2) . Norder et al. (1992b) also defined a new group E which contained HBV isolates expressing the SHBs subtype ayw4. In our study of sequence similarity HBsAg subtype adw was found to be encoded by three genotypes. Together with one adw-encoding group C isolate reported by Okamoto et al. (1988) , adw subtypes are, thus, found in four of six genotypes based on their genomic variability. A similar dendrogram was found when the comparison was done on the amino acid sequence of the SHBs protein (data not shown). The great heterogeneity of subtype adw at the genomic level shows that the HBsAg subtype does not represent the true genomic diversity of the encoding genome.
The predicted protein sequences of the four HBV proteins of w4B were compared in detail with 19 published sequences of complete standard HBV genomes from the EMBL databank. The HBV core antigen (HBcAg) w4B (Fig. 3a) consisted of 183 amino acid residues as in most other sequenced HBV genomes.
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MD-NITSGLLGPLLVLQAVcFLLTKILTIPQSLDSWWTSLNFLGGLPGCPGQNSQS•TSNHL-PTScPPTcPGYRWMcLRRF *E ** **** ****GF* ** ***** ** ********** * **** * * *S** *** ************ IIFLFILLLcLIFLLvLLDYQGMLPVCPLLPGSTTTSTGPcKTCTTLAQGTSMFPScccSKPSDGNcTcIPIPSSWALGK **** ******************* **** ******* ** *** * ** **T** **************F YLWEWASARF SWL SLLVOFVQWCVGL S PTVWLLVIWM I WYWGPNLCS I LS pF I PLLP I FC__YYLWVS I *** ** ******** P****F ******** *** * *** * * * * ******FC***Y* (d) 1 MAARMCC_KLD PARDVLCLRPIGAE SRGRPLPGPLGAVPPS S PSAVPADDG S HLS LRGLPVCS F S SAGPCALRFT SARRME ** * *Q** ******* V**** *** ----* *A******* **A********* ***** * 81 TTVNAPWSLP_TVLHKRTLGL SGWSM_TWI EEY_IKDCVFKDWEELGEE IRLKVFVLGGCRHKLVCS PAPCNFFTSA *** **K *** **** AM*T * F*** * ** *** ** ******** *** Only three published genome sequences encode HBcAg proteins with 185 amino acids (Valenzuela et al., 1980; Schtiler, 1990; Ono et al., 1983) . All four arginine clusters in the carboxy-terminal part, which is important for packaging the RNA pre-genome and genome replication (Nassal, 1992; Hatton et al., 1992) , were conserved. In addition to two homologous amino acid exchanges [E(40) to D, S(49) to T] a heterologous exchange at position 81 was observed (S to A), which is at present unique for w4B. The amino acids around position 80 form the main HBcAg epitope (Salfeld et al., 1989) which raises the possibility that w4B might have a serological HBcAg subtype that differs from all other HBV genomes. It is interesting to note that four amino acid exchanges [N(51), S(70), P(181), A(182)] were shared only with the isolate from the chimpanzee. The dispensable signal sequence of the HB¥ envelope antigen (HBeAg) protein, known as preC, was conserved and is probably not essentially altered in its function by an exchange from S(19) to F. It has, however, been reported that mutations in the preC sequence are related to the pathogenesis of HBV (Carman & Thomas, 1991) . The HBsAg (Fig. 3b, c ) has important functions in assembly, receptor recognition, penetration and as a target for a protective immune response. By differential use of three in-frame ATGs, large (LHBs), middle (MHBs) and small HBV surface proteins (SHBs) are produced (Heermann et al., 1984) . These ATGs as well as all potential glycosylation signals are conserved in the HBsAg open reading frame (ORF) of w4B.
The preS1 (Fig. 3 b) domain, which is formed by the 119 amino-terminal amino acids of LHBs, was highly variable. Five heterologous and three homologous amino acid exchanges occurred in w4B, compared with 19 HBV sequences where these sites are conserved. Four of the exchanges occurred in the otherwise conserved but dispensable amino-terminal region of 11 amino acids which is missing in genotype D and in the chimpanzee HBV isolate. The following 55 amino acids forming the preS2 domain were less variable. Only one heterologous exchange [D(51) to G] at a conserved site appeared in w4B. A new potential start codon in MHBs at position 54 (L, P or T to M) was formed.
In the SHBs (Fig. 3 c) protein (226 amino acids) five heterologous and six homologous amino acid exchanges indicated a high divergence of w4B from all other isolates. In addition to the 14 conserved cysteine residues, the SHB protein contained an additional three. A probably linked exchange of F(I 9) and F(183) to cysteine is noteworthy. This suggests that these two sites of the molecule may interact with each other. A model presented recently proposed that these two sites are part of membrane-spanning a-helices A and D (Stirk et al., 1992) . The amino acids G(145) (Ashton-Rickardt & Murray, 1989) , K(122) and K(160) confirmed the results of the serotyping as adw4, on the nucleotide level. Norder et al. (1992a) who recently sequenced the SHBs domain of adw4 isolates proposed L(127) and S(140) as important for the subdeterminant adw4. This conclusion is confirmed by our data. However, the relatedness between the genotypes appears to be different when the entire genome or the SHBs protein sequence is compared. The distinction of the isolates into the six genotypes as reported by Norder et al. (1992b) remains the same but their position in the dendrogram is changed. Based on the HBsAg sequence w4B would be closer to genotype B, and E would be closer to A. Thus, we suggest that various HBV isolates should be grouped only by comparison of the entire genome sequence.
The trans-activating protein X (Fig. 3d ) (Twu & Schloemer, 1987; Spandau & Lee, 1987) is indispensable for HBV replication in vivo (Chen et al., 1993) but dispensable for replication in transfected cell cultures (Blum et al., 1992) . HBx protein of w4B also was very divergent from all other HBV genotypes with four heterologous and five homologous amino acid exchanges in 154 amino acids. As with most other HBV proteins, HBxAg contains additional in-frame start codons. The third methionine [M(103) ] is conserved in this position in all mammalian hepadnaviruses. M(103) seems to be important for the activity of X on the simian virus 40 enhancer and probably is used for an internal translation initiation (Kwee et al., 1992) . In w4B this methionine is out of frame by mutations. However, by what may be a linked exchange of two amino acids further downstream, a new start codon was introduced [T(105) to M]. This unique organization of the HBx protein of w4B underlines the importance of this potential internal initiation site. If these conclusions are confirmed by further experimental data we suggest distinguishing between a large (LHBx) and small (SHBx) protein.
The polymerase gene of w4B had 30 amino acid exchanges in otherwise conserved sites. Of these 30, 17 exchanges were in the hypervariable, functionally unimportant spacer region. The sequence motif YMDD (549 to 552) which is found in the functional domain of reverse transcriptases (Radziwill et al., 1990; Roychoudhury et al., 1991) was conserved in w4B. T(162) which seems to be important for packaging and replication (Blum et al., 1991) was changed to the homologous serine, as observed in three other HBV genomes.
The sequence of the Brazilian HBV genome isolate encoding the subtype adw4 had the genetic organization typical of mammalian hepadnaviruses [genus orthohepadnavirus; Howard (1991) ]. All four ORFs and all functionally important domains of the viral proteins 
